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FOREWORD

The engineering evaluation was initiated at the request of USA AVSCOM, St. Louis,
Missouri and is a continuation of a search for reliable data on which to base a justification
for extending the age life of various components of troop type parachute assemblies,
specifically the harness, risers and reserve parachute canopy. In the past the age life
limitation was not based on reliable scientific or engineering data and was arrived at mostly
by exp*riences based on observations by individual users with some outside assistance
by technical personnel from the various services and industry, the results of which were
inconclusive. Although this present evaluation more nearly brings a reasonable set of
results, it is still considered necessary that a continuous effort should be made for further
surveillance of these items especially if periodical turn-overs in stock are made.

The engineering and scientific evaluation presented represents a joint effort by the
US Army Natick Laboratories units utilizing the scientific and engineering disciplines
available at these Laboratories required for this project.

The Airdrop Engineering Laboratory (ADEL) under the direction of Colonel
Donald L. Gellnicht was responsible for the initiation and direction of the overall program

and the end item engineering tests. The textile engineering portion of this evaluation
was conducted by the Clothing and Personal Life Support Equipment Laboratory
(C&PLSEL) under the direction of Dr. Stephen J. Kennedy.

The ADEL engineering support was provided by SFC Robert L. Miller who conducted
the parachute riggers inspections in conjunction with the project officer and assisted in
the selection of the items to be subjected to full laboratory examination. The ADEL
shock testing was conducted by Mr. H. Antkowiak under the direction of the ADEL
project officer.

The textile laboratory personnel of C&PLSEL under supervision and participation
of Mr. Harry Smith conducted the textile engineering phases of this evaluation. For their
untiring efforts and technological expertise Mr. Michael Mahar and Mrs. Rosemary Scott
are also recognized.
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ABSTRACT

A textile and engineering evaluation was conducted, by the U. S. Army Natick
Laboratories on T-t0 troop type parachute Harnesses, Risers and Chest Reserve Parachute
Canopies, obtained from world wide samplings of 6 to 10-year age classes. Deipite strength
losses in the nylon. harness webbing and riser and the nylon 'canopy materials, sufficient
residbe' strength remains 'in the various components to justify extension of service life
above the 10-year limitation now empirically imposed on the items. An additional period
of 3 years of age life appears to be justified for harnesses and risqrs and an additional
age life of 2 years for the T-10 reserve parachute canopy. These conclusions are based
on results of shock tests, laboratory data and comparison of results recorded during airdrop
tests of the items at high altitude drop zones conducted by TECOM. It is considered
that with prudent surveillance of the te---year Items during the additional use period the
age life of harness and risers could possibly be extended an additional 2 years to a total
of 15 years.
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ENGINEERING EVALUATION
of

AGE LIFE EXTENSION, T-10 HARNESSES, RISERS
and

T-10 TROOP CHEST RESERVE PARACHUTE CANOPIES

I. PROJECT BACKGROUND and REFERENCES

1. Project Background - These Laboratories were verbally advisad by
USAAVSCOM that age life extension is required for T-10 Troop Back Personnel Harnesses
and Risers on a world-wide or at least CONUS-wide basis. Consequently, a planning meeting
was held at these Laboratories attended by personnel from the Airdrop Engineering
Laboratory (ADEL) and Clothing and Pr..onal Life Support Equipment Laboratory
(C&PLSEL) which formulated a plan of action to acquire meaningful engineering and
laboratory data on which to base a decision whether or not to extend the age life of
the harness and risers. Further advisements from USAAVSCOM and concurrence by
NLABS suggested that the T-10 Troop Chest Reserve Parachute Canopy be included in
this evaluation. As a result of the planning meeting it was decided by ADEL and C&PLSEL
to submit to CG, USAAVSCOM a proposal to determine the feasibility of extending the
age life, now held at 10 years, for the T-10 Troop Type Harness and Risers and in addition
for the T-10 Troop Chest Reserve Parachute Canopy. During this action on submission
of the propo -l, the following events occurred:

a. The proposal to evaluate the hames and risers (Ref 2.a.) which included
sampling and funding plans was submitted. This proposal was forwarded to CG.
USAAVSCOM, ATTN: AMSAV.O.L, by these Laboratories on 22 February 1971.

b. These Laboratorios received the requests from USAAVSCOM to determine the
feasibility of extending age life on T.10 Harnesses and Risers and the T-1O Reserve
Parachute Canovrý on 27 July 1971 (Ref 2.b. and 2.0.

c. Intra-Army Order for Reimbunable Work or Services (DA Form 2544) dated
19 July 1971 in the amount of $42,740.00 was reviewed at these Laboratories on 23
July 1971 and accepted by NLABS Deputy Scientific Director for Ergineering on 28
July 1971 (Ref 2.d.).

d. A transfer of funds was made to C&PLSEL in the amount of $27.000.00 by
ADEL, G/F to Chief. Program and Budget on 16 August 1971 and approved.

e. The first increment of test items was received at these Laboratories from Fort
Benning, Georgia on 7 September 1971 followed by an increment from Fort Bragg, North
Carolina on 24 September 1971. The Yuma Proving Gr.mnd shipment arrived on 19
October 1971 followed by the USARAL shipment on 26 October 1971. The Panama
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shipment was received on 6 December 1971 and the Southeast Asia shipment on 16
December 1971. No test items were forthcoming from USAEUR and it was subsequently
decided after consultation with USAAVSCOM that no additional significant data could
be gained by additional delays; therefore it was considered advisible to complete the report
with the data compiled to date.

2. References

a. Letter, AMXRE-APE, dated 22 February, 1971, to CG, USAAVSCOM, ATTN:
AMSAV-D-L, Subject: Evaluation of.Age Life of T-IO Troop Back Personnel
Parachute Hames and Risers.

b. Letter from CG. USAAVSCOM, AMSAV-D-L, dated 27 July 1971. Subject: T-10
Harnesses and Risers for Age Life Extension Tests.

c. Letter from USAAVSCOM, AMSAV-D.L, dated 27 July 1971, Subject: T-10
Reserve Parachute Age Life Extension Tests.

d. intra-Army Order for Reimbursable Work or Services (OH Form 2544) from
USAAVSCOM, Order No. AMSAV-MEI No. 1. dated 19 July 1971. •nd one
incosure.

e. Strength Loses in Nylon Parachute Materials with Time. Exposure and Use.
U.S. Army Natick Labnratoies Technical Report 68-45CM - March 1968.

f. Actual Extent of Uieful Life of Parachute Canopy. Part II. U.S. Naval Perachuet
Faclity Technical Report 2-63.

g. ROTE Project No. 1FI62203D 19517, USA TECOM Project No.
EG506-5OOO,002/003. Engineering and Service Test of Standard Air Delivery
Equipment (Ptonnel and Cargo at High Drop Zone Elevtionts) dated
March 1971.

ih. Performance of and Design Criteria for Deployable Aerodynamc Decelerstlois.,
AST.TR.61-579 (Parachute Handbook) Decernber 1963.
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II. TECHNICAL BACKGROUND

Age life, limits for parachutes and accessories were established In recognition that
the textile materials (predominantly nylon) are subject to losses In strength properties
as a result of incidental photo-chemical, chemical and mechanical influences, as well as
of degradation processes solely due to ageing. There was a pervading concept that the
latter processes would generally dominate in a rather uniform manner, and hence that
the time factor wou!d be a valid as well as convenient basis for a system of reliability
control. Since definitive data were not available, age limits were established and
subsequently revised on practical experience and judgment, weighed by recognition that
some degree of turnover of materiel .was constructive in the interests of upgrading and
of source viability.

Another common concept was that "nylon" was a specific and uniform material,
and that the effects of age and incidental influences would follow a rather common pattern
which could be represented by small samplings from any segment of the total population.
For lack of feasible means for non-destructive testing of parachute items routinely on
site and for lack of any consistent and adequately funded program for survey and laboratory
evaluations, the age life limits have had to remain largely as a matter of judgment with
little data to either support or challenge their validity. The refinements have been only
in the application of jump number and repair cost factors in the formula for troop main
parachutes, and (by the Air Force and the Navy) in formulas differentiating between time
in initial storage and time from beginning of service.

These repair cost limitations for personnel parachute canopies are tabulated below:

Age Group Maximum Maximum Allowable Repairs
Years Months No. of Jumps (Percentage of Replacement Cost)

Under 4 0 to 48 40 65
4 to 7 48 to 84 70 35
7 to 9 84 to 108 90 15
9 to 10 108 to 120 100 5

The age life, also referred to as service life in Army technical manuals, for an item of
airdrop equipment is specified in the joint manual TM 10-1670-201-251TO 13C-1-41,
"Maintenance of Parachutes and Other Airdrop Equipment, General." The service life
of parachute canopies, paragraph 62 a.(1) states, "The service life of all personnel parachute
canopies, (excluding ejection seat parachute systems) is 10 years from the date of
manufacture of the canopies or 100 jumps, whichever is attained first." Service life of
perscnnel parachute harnesses and risers (paragraph 62 a.(4)) (excluding ejection seat type)
is 10 years from date of' manufacture.
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Fragmentary information has been obtained over the years from limited studies by
the several Services. This information ha been pooled and analyzed by the materials
representatives under the aegis of the Joint Technical Coordinating Committee for Aerial
Delivery. As one outcome, a combined proposal was submitted in November 1967 and
updated in July 1969 for a continuing surveillance andl analysis program thought to be
the minimum which would be adequate to deal with Service life and related storage and
maintenance questions. Though approved in principal, the program has not been
implemented. Meanwhile, NLABS had opportunity to evaluate a number of emergency
parachutes of mature and near-mature age classes during the course of a trial of proposed
conversion to cargo use. Insights gained from .this study served to support the newer
concepts of the service life problem which had begun to form under the analysis of the
prior data. These were expressed in the NLABS Technical Report 6845-CM dated March
196•, entitled "Strength Losses in Nylon Parachute Materials with Time, Exposure and
Use," which had technical concurrence of the three Services' representatives (Ref 2.e).

The general import of the conclusions was that the original concepts required
modifications to reflect that:

a. Ageing processes per se were not clearly evidenced as pervading factors within
the 8 - 11 year time frames of the study, though Navy (NARF) studies showed indications
that older age classes may show such evidences (Ref 2.f).

b. Nylon components varied considerably in strength losses according to form,
supplier, color and even lot; as well as to the particular circumstances of storage and/or
service.

c. Strength loss patterns determined from controlled comparison where known, or
by comparison to specification or typical original values, indicated that the major effect
of elapsed time is in cumulative exposures to adverse influences such as UV exposure,
chemicals (including atmospheric pollution, perspiration, accidental spills), heat, over-strain,
etc. These patterns showed increasing occurrence of appreciably affected items or
components, and greater severity of the effects in the extreme cases, rather than a general
trend or effect on the population in entirety.

d. That findings and conclusions valid to equipment of one period of manufacture
may not be valid for subsequent age groups since both the susceptibilities of the materials
and the types and severities of the exposures may vary widely. (A major and timely
consideration is that the so-called "light and heat-resistant" nylon ybrns which incorporate
more effective stabilizing and inhibiting chemical additives, began to be used in some
parachute components in 1963, and became generally the basis for end-item production
in the course of the next four years.)

It was generally takeri from the studies that the service lite limitations by age were
still needed as means of reliability control, for lack of predictive inspection and/or on-site
non-destructive test criteria. Also, it was taken that the 10-year limitation for personnel

4



parachutes and accessories was not grossly inappropriate, but that a moderate extension
beyond that limit might be tolerated with prudence if there were more extensive data
on which to make such judgment.

The survey reported herein was made in recognition of the above promi|, and veas

designed for the minimum sampling and testing which would be valid guidance for
recommendations as to the length of extension (if any) which could be made without
impairment of performance reliability under the anticipated conditions of use. The
samplings included equipment from two classes approaching maturity as well as from the
current 10 year class, in order to help determine trends or progression of the degradation
processes and hence provide a basis for prediction and decision somewhat beyond the
immediate problem with the current mature class.

Ill. EVALUATION PLAN and SAMPLING RESPONSE

1. Evaluation Plan

The evaluation plan was based on the world-wide test item quantities listed in the
NLABS proposal. However, changes dependent upon physical appearance and available
quantities were considered since it was recognized that all units in the field are not normally
supplied in accordance with a specified date of manufacture of the item, and in addition
parachute assemblies and components thereof may have been taken out of service through
wear incurred during normal use. Each location was requested to furnish the following:

a. Twelve (12) T-10 Harnesses and Risers manufactured in 1961.
b. Six (6, T-10 Harnesses and Risers manufactured in 1963.
c. Six (6) T-10 Harnesses and Risers manufactured in 1965.
d. Twelve (12) T-10 Reserve Parachutes manufactured in 1961.
e. Six (6) T-10 Reserve Parachutes manufactured in 1963.
f. Six (6) T-10 Reserve Parachutes manufactured in 1965.

2. Sampling Response

It became apparent that the various locations solicited by USAAVSCOM could not
meet these requirements. Items of 1961 manufacture were not available In tome Instances
in the full quantities requested; therefore certain adjustments In date of manufacture and
quantity were allowed. Test Items actually received at NLABS for evaluation are listed
below by location:

Date of Manufacture Number
a. Southeast Asia

(1) T-10 Harness 1961 1
1983 6
1965 4

5
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"Date of Manufeo•re Number
a. SoutheAtU (Contd)

(2) T-10 RMaers 1959 1
1981 9
1963 10
1966 10(3) T-10 Reserve 1963 3

b. Fort Bennirq

i1) T-10 Harness- 1961 13
1963 6
1965 6

(2) T-10 Risers 1961 7
1963 2
1965 8(3) T-10 Reserve 1961 =2
1962 1
1963 6
1964 1
1965 1
1966 2

c. Atoka
(1) 1.-r. Harness 1964 6

1965 6(2) T-10 Risers 1964 10
1965 12(3) T-10 Rmserve 1962 12
1963 3
1964 3
1965 6

d. Panama Canal Zone
(1) T-10 Hamrs= 1961 8

1962 1
1963 4
1965 3(2) T-10 isers 1959 2
1960 3
1961 3
1963 4
11966 2(3) T-10 Reseive 1962 12
1963 6
1965 6

6



Date of Manufacture Number
.. Yuma Proving Ground

(1) T-10 Harness 1961 3
1963 2

(2) T-1O Risers 1961 6
1963 4

(3) T-10 Reserve 1963 6

f. Fort Brigg
(1) T-1O Reserve 1961 11

1962 1
1963 6
1964 1
1966 2
1967 3

No harnesses or risers were requested from Fort Bragg NC. since these items from this
location were previously evaluated by these Laboratories. Data obtained during the
previous evaluation are included in the tabulation. The evaluation plan consisted of specific
detailed actions.

a. On arrival of any increment of the required items a joint ADEL, C&PSEL Action
was taken in the order outlined below:

(1) Inventory and serialize all equipment
(2) Conduct a parachute rigger type inspection
(3) Jointly select (ADEL & C&PLSEL) the items considered to be of value when

exploited in a full textile engineering evaluation
(4) Jointly select items to be subjected to shock testing by ADEL

b. On completion of the above actions, the following procedures were carried out:

(1) Consolidation and evaluation of the results of textile engineering evaluation and
the PED engineering evaluation. ADEL & C&PLSEL closely coordinated the final report.

(2) Based on findings of final Laboratory effort, make recommendations as to possible
extension of 10 year service life limitations on the Items In question.

IV. SHOCK LOAD TESTS ON RISERS AND HARNESSES

Instrumented static drop tests were conducted on jointly selected harnesses and risers.
It is pointed out that all items were inspected and classified as serviceable prior to these
tests. The method of testing utilized a crane to provide sufficient height. Instrumentation
consisted of a Direct Record Oscillograph with a strain gauge transducer to provide a
means of measuring the shock loads applied to the harnesses and risers. (Photos 1-5).
The actual shock loads imposed on the selected harnesses and risers and test results are
tabulated below.

7



The shock test loadings imposed on the harnesses and risers most significant to the
evaluation are in the load range of a high of 6,200 lbs. on impact peak. Occasional
low readings in the 3,800 lbs. range were recorded where outside Interference occurred
wherein the weight component (260 lbs. torso dummy) tumbled and became wrapped
in the webbing and did not exert the full impact on the load cell.

All hariesses and risers which were subjected to the shock tests were reinspected
after the tests. No significant damage was found on any of the units which could be
considered a possible causative factor in the injury of personnel or catastrophic failure
of harness and risers under service use. All tested units were considered to be serviceable
for continued use for their intended purpose.

* •It is pointed out that actual drop tests conducted at high altitude drop zone elevations
(10,000 ft above MSL, Ref 2.g, Chart 24) indicate that underthe worst load conditions,
in essence the maximum shock loading, a full assembly, consisting of the components
tested, is subjected to a considerable lesser shock load than that which was imposed on
the various Items during this engineering evaluation.

The following tables show the results of the shock tests conducted by ADEL. The
full harness and riser configurations were shock tested in each instance. Harness tabulations
were made with the objective of obtaining the most meaningful results on the shock loading
on the complete harness with specific emphasis on the reaction of the shock load on
the textile components. Effects on hardware was not specifically tested; however
observations indicated that no adverse effects were experienced on the hardware. The
same general procedure was followed for the risers and the same objectives were gained.

TABULATION OF SHOCK TEST RESULTS
T-10 HARNESS

Items Furnished from Fort Bragg, N.C.

Ident. No. Recorded Load Remarks
NL 1 5000 lbs. No visible damage.
NL 3 5000 lbs. No visible damage.
NL 4 4900 lbs. No visible damage.
NL 5 5000 lbs. No visible damage.
NL 7 4800 lbs. No visible damage.
NL 8 4500 lbs. No visible damage.
NL 0 5040 lbs. Severe tumbling of dummy. Two

broken stitches In saddle.
NL 10 2500 lbs. Recalibration of load cell.

2500 lbs. Recalibration of load cell.
4740 lbs. No visible damage.

NL 11 6000 lbs. No visible damage.
NL 13 6000 lbs. No visible damage.

8



Ident. No. Recorded Load Remarks
NL 14 5500 lbs. No visible damage.
NL 15 5000 lbs. No visible damage.
NL 17 4500 lbs. Riser tangled in Quick Release Box.

Three stitches broken in saddle.
NL 18 5000 lbs. No visible damage.
NL 19 5340 lbs. Three stitches broken in saddle.
NL 20 5520 lbs. Heavy rebound. Stitch break in

saddle.
NL 21 4700 lbs. No visible damage.
NL 23 6000 lbs. No visible damage.
NL 25 4350 lbs. No visible damage. Hamr

selected for fatigue tests.
Two hamnses selected for fatigue tests, Ident. No. NL 22 and NL 25. Twelve drops
were made with each hame at a projected shock load of 6000 lbs. ± 200 lbs. Results
were recorded as follows:

NL 22 Drops No. 1-6 No visible damage.
Drops No. 7 Slight stitch damage in saddle.
Drops No. 8-12 No additional damage except an

increase of stitch damage from
in. to I1½ in.

NL 25 Drops No. 1-9 No visible damage.
Drop No. 10 Stitch break in saddle approx.

½ in.
Drops No. 11 & 12 Slight Increase in broken stitching.

Stitch breaks are attributed to hard metal surface and narrow aperture in the torso dummy
and are not due to any weakness in the fabric and construction of the harness.

Items Furnished from Southeast Asia (SEA)

Ident. No. Recorded Load Remarks
SEA-H.634 4240 lbs. No visible damage. Severe tumbling

of dummy.
SEA.H-63-5 5250 lbs. No visible damage.

5250 lbs. No visible damage.
SEA-H-63.8 5500 lbs. No visible damage.
SEA-H.65.2 5000 lbs. No visible damage.
SEA-H-65-4 3500 lbs. Low reading due to slippage of

harness main lift web.
SEA-H-654 6150 lbs. Retest, 3 drops, no visible damage.

6150 lbs.
6150 lbs.

9



Items Furnished from U.S. Army Alaska

Ident. No. Recorded Load Remarks
AL-H-64-1 5400 16s. No visible damage.
AL-H-64-4 .4950 lbs. No visible damage.
AL-H-64-6 4800 lbs. No visiblc damage.
AL-H-65-1 5250 lbs. No visible damage,
AL-H-65-2 3900 lbs. Low reading due to harness

entanglement with hardware.
AL-H-653 4800 lbs. No visible damage.

Items Furnished from Paiwnma Canal Zone

Ident. No. Recorded Load Remarks
CZ-H 61.3 4800 lbs. No visible damage.
CZ-H-614 5300 lbs No visible damage.
CZ-H-61-8 4800 lbs. No visible damage.
CZ.H-61-5 . 3800 lbs. Low reading due to harness

entanglement with hardware.
CZ H 63.2 5150 lbs. No visible damage.
CZ*H 63 4 4800 lbs. No visihle damage.
CZ-H-65 1 4800 lbs Slight stitch break in saddle.
CZ-H-65 3 5150 lbs. No viible damage.

Items Furnished from Fort Benning, Ga.

Ident. No. Recorded Load Remarks
FBN H-61 5 4500 lbs. No visible damage.
FBN-H.61.6 4500 lbs. No visible damage.
FBN H-61 8 4500 lbs No visible damage.
FBN.H.61-10 4600 lbs. No visible damage.
FBN H.61.12 4300 lbs. No visible damage.
FBN.H,61 11 4600 lbs. No visible damage.
FBN H63-2 4600 tbs. No visible damage.
FBN H 63 4 4700 lbs. No visible damage.
FBN.H 63.6 4500 lbs, No visible damage.
FBN H 6b 1 4500 lbs. No visible damage.
FBN-H,65-3 4000 lbs. No visible damage.
FBN.H-65-5 4000 lbs. No visible damage.

Items Furnished fioni N uma Proving Ground, Arizona

Idomw No. Recorded Load Remarks
YPG H 61 7 5850 lbs. No visible damage.
YPGH-61.3 5600 lbs. No visible damage.
YPG.H.63-2 5250 lbs. No visible damage.
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TABULATION OF SHOCK TEST RESULTS
T-10 RISERS

Items Furnished from Fort Bragg, N. C.
T-9 5000 lbs. No visible damage.

6200 lbs. No visible damage.
T-10 5300 lbs. No visible damage.
T-1 1 5800 Ibs. No visible damage.
T-12 5300 lbs. No visible damage.
T-13 5280 lbs. No visible damage.
T-14 5350 lbs. No visible damage.
Note: In addition to the above testing, risers Indent Nos. T-9 and T-10 were utilized
in the harness fatigue testing which included a total of 24 additional drop tests at a load
range of 5000 lbs. 1 200 lbs. with no visibhl damage resulting.

Items Furnished from Southeast Asia
SEA-R-61-2 5850 lbs. No visible damage.
SEA-R-61-3 5850 lbs. No visible damage.
SEA-R-61-6 5250 lbs. No visible damage.
SEA.R-61-7 5250 lbs. No visible damage.
SEA-R-63-1 6200 lbs. No visible damage.
SEA-R-63-2 6200 lbs. No visible damage.
SEA-R-63-5 5250 lbs. No visible damage.
SEA-R-63-6 5250 lbs. No visible damage.
SEA-R-63-9 6150 lbs. No visible damage.
SEA.R-63-10 6150 lbs. No visible damage.
SEA-R-65-3 6150 lbs. No visible damage.
SEA-R,65.4 6150 lbs. No visible damage.
SEA-R-65-7 5000 lbs. No visible damage.
SEA-R-65-8 5000 lbs. No visible damage.

Items Furnmed from U. S. Army, Alask&
AL-R-65-1 5400 lbs. 3 drops. No visible damage.

4800 lbs.
5100 lbs.

AL-R-65.2 5400 lbs. 3 drops. No visible damage.
4800 lbs.
6100 tbs.

AL-R,656 5400 lbs. 3 drops. No visible cdmage.
5100 lbs.
4800 ibs.

AL-R.65-8 5400 lbs. 3 drops. No visible damage.
5100 lbs.
4800 lbs.
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items Furnished from Panama Canal Zone
CZ-R.61-3 4800 lbs. 3 drops. No visible damage.

4800 lbs.
4800 lbs.

CZ-R.61-3 40t lbs. 3 drops. No visible damage.
4800 lbs.
4800 lbs. A

CZ-R-59-1 4900 lbs. 3 drops. No visible damage.
5300 lbs.
5150 lbs.

CZ-R.69-2 4900 lbs. 3 drops. No visible damage.
5300 lbs.
5150 lbs.

CZ-R-63-1 .5900 lbs. 3 drops. No visible damage,
5300 lbs.
5150 lbs.

CZ-R.63-2 4900 lbs. 3 drops. No visible damage.
5300 lbs.
5150 lbs.

Items Furnished from Fort Benning, Ga.
FBN-R-61-2 4000 lbs, No visible damage.
FBN-R61-4 4000 lbs. No visible damage.
FBN-R-61-6 4000 lbs. No visible damage.
FBN-R-63-2 4000 tbs. No visible damage.
FBN.R-65-2 4550 lbs. No visible damage.
FBN-R-65-6 4550 lbs, No visible damage.
FBN.R-65-4 4700 lbs. No visible damage.
FBN-R-65-8 4700 tbs. No visible damage.

Items Furnished from Yuma Proving Ground, Arizona
YPGR61-3 5820 lbs. No visible damage.
YPG.R.61-4 5820 lbs. No visible damage.
YPG-R.61,5 5500 lbs. No visible damage.
YPG-R-61• 5500 lbs. No visible damage.
YPG-R-63-3 6250 lbs. No visible damage,
YPG-R-634 5250 tbs. No visible damage,
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V. Laboratory Test Methods

A. Webbing - All of the webbing components are Type Xl11, MiL-W-4088, Webbing,
Textile, Woven, Nylon. Strength tests were made under the general conditions specified
therein (Method 5100 of Fed. Std. 191), with modificaticins as noted below to adapt
the samples to the gauge and jaws of the test equipment.

1. Risers- It was necessary to test the top and bottom sections of the rsers
separately. A free end was made in each case by cuttirng near one~joining stitch area,
and this was wound and clamped in the normal manner into one of the solit-drum jaws.
The upper section was tested with a heavy duty separable link connector substituted for
the regular connector in the remaining stitched loop, to avoid a possible hazard In testing.
This connector was engaged with other jaws by a doubled piece of separate webbing.
For the lower section, the separate webbing piece was doubled through the regular canopy
release hardware, for engagement with the jaw.

2. Harneses - The horizontal back strap section was of sufficient length to
be engaged by the split-drum test jaws In the normal manner. The diagonal back strap
was tested by cutting the stitching at the forward loop. (which attaches to the release
assembly hardware) to open it out and make a free end. The loop for the back strap
adjuster was used at the other end, but for safety the adjuster hardware (which failed
as low as 2300 pounds in first trials) was replaced by a heavy duty separable link connector
through which the separate webbing piece was doubled for engagement with the other
jaw. The leg strap was tested by cutting at the edge of the saddle to provide one free
end. A separate webbing piece was doubled through the adjustabI3 lug hardware slot
for epgagement with the other jaw of the tester. Since the leg strap webbing in all the
initial tests pulled through the adjustable lug until the rolled stop jammed in the lug
slot, the samples in later tests were started in that configuration for the sake of uniformity
of conditions.

B. Canopy Fabric - The canopy fabric is 1.1 oz., ripstop, Type I, MIL-C-7020,
Cloth. Parachute, Nylon. This was tested in aocordance with the specification requirements
except that three specimens were tested per section instead of five unless the first three
indicated a sub-normal condition. The methods are 5104 for strip tensile st"ength and
elongation, and 5134 for tongue tear strengths. Method 5450 was used for air permeability.

C. Suspension Lines - The tines are Type Ill, MIL-C-5040, Cord Nylon, These
were tested for strength by Method 4102 as specified. However, a modification was nade
for elongation to avoid the difficulty and possible hazard of trying to determine length
between the gauge marks at the actual instant of break. It was found by a series of
comparisons that the same elongation values were obtained if the cord was pretensioned
to a two (2) pound load, and the elongation then taken as the amount of jaw separation
to the point of break. The pretensioning apparently compensates for slippage of the
cord around the jaw drum. Two breaks at standard spced were made for each cord tested.
Adjacent lengths were retained for impact testing on the NLABS - FRL pneurnat,'c tester
at 20 ft./sec. (750% extension/sec.) and these data are also reported for some of the
samples.
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D. Additional Comments - All data including visual observations were recorded with
an identity code for each simple unit, and by gore and 'section for the canopy fabric.
Subsequent analysis will be made for more obscure trends and correlations to the extent

'this may prote informative for future guidance. However, since the primary purpose of
this-survey and report was to reach recommendations for immediate decisions as to the
equipment populations now in question, only the raw data and more obvious implications
are presented herein together with the simplest statistical estimation of probabilities and
load factors.

It is recognized that the strength data on the webbing and fabric components are
solely at the slow rates of extension required in the specification tests. However, previous
work has shown that the values so obtaihed for these types of relatively uniform woven
materials are comparable to values obtained under more realistic dynamic conditions, and
usually slightly lower, The same is not true foi the more complicated braided-sheath
and core construction of the suspension line cords, as will be discussed hereinafter.

In the evaluation results presented herein, the terms and concepts of "strength loss"
,ire, of necesity, based on the aasumed original strength level of the particular material
and component in qutestion. Since direct before and-after comparisons cannot be marne,
the base renfe is a "typical" level somewhat above the speuilication minimum, which
experience over the years has shown to be expected for most of the rmtw material or
stitched component. This base rminv also relates to the higher valtoe in the aged poputatinn,
with the rrervation disctzn.'d hereiIah| i thmt nylo• ;-nateials tloccsiornally thow small
temporary gains in test strength during initial process of Iwinlq, The indicated
Proqresnsins of strength loss, based on the rnsumntions, am. required. for estimi.Vng a
pruet.tiult to future years. and in this phase tOl data h4Y to be- considered e ;tlMWe.
HoWever, it is the extreme case pfohAty, rmther than th general tnnd, which ts of
concen iii velntioN) to safety mnarrjins. frerability and oieerall hazard srbiii.

VW. Loboitato" Tea on Risen &vad narness

The total date obtalned fom the 1taboratory test of the I1U' DaraChufs•, 99 rites
and 94 hvnesss mceived in this survey prograat ae rat4r volurnmous. Aktk"dingly.
fot purposes of revoning, and for conwnoinnce of manigeote! considereticM. thftse &Wtsi
are cnolklad variously in tw and soot .itributi, cans in ý'wrr to rnuo the findino
most readlit apporent.

A. Riar
Chlrt I Shows separ-aly t•e stirenth vatL',- c-nnsJ in, the Icier and the cjr

segment$s of the e, or*anized by swarpIt sw•-e, and by year of nan'.utt-,pm within
that source sample. 'he individual b, ts- show ocrurnc. of b'.n.s at the loods indlcped.
without differentiatirf as to the type or '•mcfion of bruk, and ttws show tu% tirnitieq
vroenugh within eac simple sa.-ent. Thea spcfication ret*mnwe tfl Oho tOw& cuffent
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minimum strength requirement for the Type Xl1l webbing component of the MIL-W-4088
specification. The "control" data show typical strength values for current Type XIII
webbing in the same configuration. There Is no way now of determining typical original
values or distribution of values for the sampled itemr at the indicated times of manufacture.

Examination shows no marked differences between risers from the several sources,
though there appear to be some grouping of low values associated with those returned
from SEA. However, since neither the histories of these risers prior to their presences
in SEA nor their durations of time in SEA are known, no direct significance can be attached
to the SEA climatic or geographical essocation, There are also suggestions of a trend
of lower values with age, as for instance In the bottom segments of the risers from Panama,
and in the upper segments in the SEA group. The suggested trend is considered to be
a real reflection of ageing processes and cumulative exposures, though the possbility that
it may also reflect original values and/or f-rtultous sampling cannot be ignored.

Charts 2 & 3 show the total for all risers, and also division by the thre age groups
without respect to source. The general trend from the 1963 to the 1981 clases is here
quite evident, though the scatter and the few low values also found In the 1985 class
somewhat upset the pattern. However, it can certainly be concluded that the data are
consistent with the newer conoept expressed under Technical Background, which Is that
the service life problem is one of progressive 0ocurrmnce of low strength units as a result
of a variety of influences and processes which do not ne4aily affect all units within
an age class or population.

Chart 4 shows the distribution for all riser samples, with distinction as to whether
the breaks were In 1he wbing or by rupture- of the stitching which forms the loops.
Since all of tha "webbing" b6-*s occur mt the end of the stitching in the doubled area,
as is •Iwetedstic cf w•bbing splices and stitched loop, ii gefeal., neither tyge of break
reprewoti the full sterqh of the fre* -sindint wbbing. but rather, the realizable strenqth
of (he item cnfi~urittion. The di;vinction made hi this chst is to see if there are
.tdications of 9.rems-r progrw-' strength losse in the stitching. iOw.f than in the webing
at its wo.est. area next tv ýhe stitching. Since stitch bu*e-we stdcn &\(=- n Mnow webbing
=imbrfes, and Onw. O-ere appearn Mi tte data to be a tnd4ncy f(or gouplng of stitch

brtaks ammiar1 with the tower '•'gth vWOueO and oYer sarnoo , it i. qppmnt that
tht toriviovt of the stitching lec•m-es Intreosiry mam oritical asritnrs muntinue in ••,e.
This b txV41nabe since tON nylon thmW is at twt e•'w to the weWN in susP,.eptlablity
to tun and ctttn•c•l exo nuts and d y direct refuft of aittq, and Olso, it is particularly
%tbj eitini.nal chafing and tprobably mn.'e imwurtntiy) to high shear to'res 4oross
*b -Afttreg under impact toading Which protes•t•vsy el a the thewi a the int 4ec
btweewfn the wwo taytm 01' -webng.

"Efftort: -t v•,#at4 e rpae*n& of the risofs to ttrength ton iV'yed fivtless, -Some
-tht wore apýwentfy uwv.ed or shovmd Ntte wea" had simil•ar erength l-els X some
ots he v shwing hwatd tao No s ifiurt diffe..oes in brmking 0egth was found
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between the relatively unused and the apparently extensively !ised Items, by groups, which
would warrant consideration of visual, criteria to replace or supplement age criteria as
means of determining service life. However, it should be notud here that all of the riser
samples hed already passed a critical riggers inspection. No conclusions should be drawn
that risers which had been rejected from these same age populations during previous
inspections, would also have shown strength values in the same range as the samples in
the survey. Any lowering of visual inspection standards based on such a faulty assumption
would seriously prejudice the validity of conclusions and recommendations madfe
hereinafter.

The population of risers represented by the samplings con be considered as a consistent
whole in the sense that no useful distinctions can be made according to location or source,
to original differences related to the year of manufacture, or to normal visual criteria.

The sampling includes a number of units which show considerably reduced realizable
strength compared to normal original values. The distribution suggests on a rough statistical
basis that b% of the total population of risers in these age groups have realizable strength
below 4100 pounds (compared to typical orignal strength of 6-500+ pounds), for an
indicated loss of at least 37%. A 1% probability is also indicated y the sam rouh
estimation, for a riser having strength below 3650 pounds. In fact, three risers in the-
samplings had breaks below 4300 inthe- lower segment. and one had a bireak below 471-.O
in the upper segm-nt.

Witt, these- evidences of progressive )osso elzbesrntsi h ie ~u~ion,

it is again confirmed that a generally prescribed service iiin Nimt is just Ified.- Thero re-mans
the datermi~nation of the, most ptudent linid to b-L prescribW. 'it trs obvious that no Precis@
llimi formula can ever bre- derivad. The ratiopale taken here Is to msurne the wonst-cow
service co~nditions. and the weakest riser. and daetermine whal miargif rvmains.

Bawed on instrumented test data recorded3 In the USATECOM EIS-T report. refeve-fce
29, and Chart 24, opening forre% of a T 1 tO naln parachute at11,.000 lett attitude actually
show a reoorded total maximum opening force of 2340 pounds, This drop condili-on
is, of course, a vey" remote possibility. and is extiremely severe comquired to the normal
premeditated jump performance envelope. On the othef hand, the recorded maximum
Load trw theme teat lump-4 is not necessarily the nAximum that might be reached in all
COM-s

Assuming a second v"om~t-case codition of unequal disitibuden betvsmn risers. the
Parachute H~andboo~k, reference 2h. and Chart 2-5 indicalte that 67% of the fotal force
might be applied through one riser side. and this car'nbinalion would show abou-t 161)0
maximum pounds per vside. A force of 2200 pounds was actually M.Corded for one riser

side in one of the 11,000 foot drops. Since only 1% probabifiryi rougl nae
for a strength lower than 3,650 pounds in a single riw ertg. a saf~y factor ( 3651) x 211600)
of at least 4.5/1 is now tat age 10 yem') Mtill maintained for the riser side. 0"hoh
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conce'k&,•Oly there might be enough unequal distribution between legs so that this factor

would :ia compromised on an individual leg basis. No data are available for the most
unequal distribution between legs of one side, but even taking the seemingly impossible
chance of one leg bearing the whole load for the side, well over 2/1 is still maintained.

Attempt was made to calculate a projection of safety factor with age for the risers
(and also for the other components) using the indicated trend of the means and an assumed
progressive scatter. Such hypothetical projections for the risers showed a remaining "worst
condition-case" safety factor of at least 3/1 at the 13th year of continued .orvice. However,
the investigators were reluctant to suggest that such projections are valid, and accordingly
the assumptions and plots are not shown in this basic report. Further analysis of the
data will Le done for future guidance, but the conclusions drawn herein for immediate
decision are taken on the very conservative side of such projections, and are based on
further surveillance as these risers continue in service.

Taking the position that any margin over a minimal 1.5/1 safety factor is prudent
and acceptable for the odd chance combination of worst-case conditions plus worst sample,
an extension of an additional 3 years appears to be warranted. Subject to further
surveillance testing to assure against an otherwise undetected catastrophic pattern of
degradation, an additional 2 years for a total of 15 years service life may also be considered
a reasonable projection for planning purposes.

B. Harnesses

In the labori.ory test program, strength values were obtained in three sections of
the assembly as noted under Test Methods, Since these sections involved differing
configurations as well as differing service load conditions and possibly service exposure
conditions, this multiple approach was followed as a means of locating the "worst case"
or "limiting case" within the harness assembly. It was not found practical to get meaningful
laboratory test t "ength values for each of the complicated main lift web sections which
carry the major load between •he riser attachments and the distributed load system of
the saddle and leg strap assemblies. However, from exploratory comparisons which were
made with these double-,.yer constructed main sections, it was concluded that their
strength would be in excess of any loads that would be transmitted through the risers
and hardware. The canopy relcase assemblies failed at Inads variously over 7,000 pounds,
with the webbing assembly still intact. Also, it was concluded that any gross deterioration
in this section wou'd have been from causes such as prolonged exposure or chemical attack
which would probably show similar effects in adjacent sections of the harness which were
more readily tested.

1. Horizontae Backstraps - The horizontal back strap sections could be
positioned in straight-length configuration directly Into the jaws of the test equipment.
Accc,,, .ngly, the test values represent the basic condition of the webbing itself without
the variables of hardware configuration and stitching. However, there is also possibility
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that the observed relatively high average breaking strength of these back sections may
also reflect their having had less exposure, handling, and contamination such as from
perspiration.

As shown in Chart 5, there appear to be groupings of lower strength values for the
samples from Fort Benning and Fort Bragg. These lower values are believed logically
to reflect high use rather than climatic or other geogvaphical influences. As also shown
in Chart 6, there is a prevalent association of lower values with greater age, which also
holds for PCZ and SEA samples. Though this over-all trend is not dramatic, it is significant
in its consistency. It is assumed that such a trend underlies the data for other sections
of the harness, though obscured by the scatter caused by configuration effects and possibly
more severe or frequent accidental influences for these other sections.

In practical significance, the general trend presents no apparent reliability problem
within the time frame being considered. The lowest test sample value of 4700 pounds
and the estimated 1% probability value of aroune! 4200, are still well above the worst
condition load value indicated from the referenced ET/ST report. Combining the maximum
total load recorded in use with the reserve parachutes, and the maximum percentage of
total load recorded for this harness section, as 4!60 x .15, gives about 625 pounds/load
for a horizontal back strap component. Obviously, from this comparison, this component
of the harness assembly is not likely to be the most critical in limiting performance or
reliability.

2. Diagonal Back Straps - The data for the diagonal back straps are given
by source and year in Chart 7, and in total and by year regardless of source in Chart 8.
An association of lower strength with greatar age is strongly indicated for the PCZ samples;
but since the scatter in the remaining data shows the considerable influence by other
variables, even the PCZ data may be somewhat fortuitous. One difficulty in attempting
to interpret the results causatively is the occurrence of very high values which conceivably
indicate unusually high original strengths somewhat above those shown for new webbing

* today. Other causes are also possible, however. Apparent gains in strength have been
observed occasionally in earlier studies where original strength values were known. These
gains have a rational explanation which is outside the scope of this report, though discussed
in referenced NLABS Report No. 68-45-CM, reference 2e, and relate to the fact that
some of the possible ageing processes at the molecular and crystalline structure levels which
eventually lead to strength reduction, apparently act to increase strength during the earlier
stages.

The referenced ET/ST report shows a worst possible combined conditions of 4160
lbs. total load x .14 distribution factor, giving about 600 pounds for the diagonal back
strap section. An ample safety factor is still indicated as being maintained at 10 years
ewen for the worst case found which had effective strength of only 3500 pounds.
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3. Leg st.aps - The strength data obtained for the leg strap sections of the
harness are shown by source and year in Chart 9, and by total and year in Chart 10.
There are no marked differences by source. The slightly indicated trend by age is obscured
by the group of low values in the 1963 age classes from Fort Banning and SEA.

The lowest single test value is 2700, with a statistically estimated value below 2400
pounds as a 1% probability. Compared to the recorded worst possible combined conditions
of 4160 total load when used with the reserve parachute at high altitude, and 10% of
total load in either front leg strap, a safety factor of over 5/1 is shown. Howewvr, there
is a question here as to whether the 10% distribution shown in the Handbook represents
the maximum when the harness is actually used in conjunction with the reserve parachute.
A higher proportion might better-be assumed, such as possibly 28% as Indicated for the
doubled back portion above the saddle. A remaining safety factor of slightly above 2/1
Is still shown.

Since this is the lowest Indicated safety factor of the three sections tested, the leg
strap is taken as the worst or limiting case. There appears to be a rather small margin
over the "prudent" 1.5/1 safety factor as a basis for conclusions in this study. Further
examination of the test condtions, however, showed that the low test values for the leg
straps reflect a final configuration in which the webbing has pulled through the adjustment
hardware until the rolled "stop" at the end is jammed and pinched, and that the breaks
invariably occurred there. This is considered to be an unnatural configuration because
under the dynamics of loading the the lateral restraints of the elastic keeper in actual
drops, the webbing does not normally pull through to that extent. It is taken, then,
that the lowest "effective" strength for these leg straps in actual service would be somewhat
higher than shown by the data. Supplemental testing of a few representative samples
with the roll end engaged in normal fashion by the elastic keeper generally confirmed
this, but it was then impossible to obtain new data for the entire sampling with this
configuration. It was finally concluded that since the pull-through could happen
occasionally in actual service, the test data had basic validity as representing another worst
case condition. However, an actual minimum safety factor significantly above 2/1 can
be assumed.

In the overall consideration, it is also recognized that the position of the leg strap
on the man is such that it might be particularly subject to perspiration and other possible
chemical contaminants picked up while the harnesses are being worn during ground transit
as well as flight. Also, this section is as subject to chafing and abrasion as is the reinforced
saddle area. In that respect as well as in its function, it may be considered the most

* critical section in much-used harnesses.

4. Harness, Assembly - The laboratory test data for the three sections of the
harness assembly which could be accommodated to the test equipment show a fairly
consistent pattern for purposes of discussion. There Is no useful distinction by source,
or by particular year of manufacture except for resultant age at the time of testing. Visual
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criteria did not correlate sufficiently well with test values to warrant distinction by
appearance. Because of the limiting factors of stitched loops, stitched area terminal effects,
and hardware configurations acting variously on two of the sections subjected to test,
no obvious correlation was established between sections within each harness. (This will
be subject to further analysis). The evidences of progressive loss of realizable strengths
within the harness population again confirm the need for service. life age limitation pending
development of valid and practical inspection and/or non-destructive test procedures.

With the confirmation of drop tests (see Section IV) made on the complete harnesses
in which neither failures nor evident weakening or damages were found at dynamic loads
50% above the peak shown in the ET/ST report, it can be taken from the combined
data that the harness population represented by the samples are still generally serviceable
and have substantial reserve capability for any but the most remote combination of worst
conditions and worst sample. The strength levels and regression rates shown by the
laboratory test data are taken to indicate that extension of the harness service life limit
by three years should still maintain a 1.5/1 safety factor even in the remote chance
combination. Further surveillance might then indicate an extension of possibly an
additional two years would be warranted if by then the harnesses of the current model
have not been obsoleted and replaced by improved items.

VII. Laboratory Tests on Canopy Assemblies

A. Canopy Fabric- The tensile strength data for the chest reserve parachute canopy
fabric are shown, by source and year of manufacture in Chart 11. For simplification
"and because of the bias lay of the fabric in the canopy, this chart shows the averages
of warp and filling values for each section tested, as indicative of general strength condition.
It is seen that most of the values are well above the specification minimum requirement
of 42 pounds. Limited data still at hand for that period of manufacture show typical
original values to have been in the 4449 range. Accordingly, it is thought that some
of the higher test values from the aged canopies may reflect the phenomenon of strength
gains occurring in early phases of ageing, which has been earlier noted.

An association of lower strength with greater age Is evidenced within the sample
groups from three of the sources, but not within those from Alaska which showed fairly
high values as a group. For the latter, however, it is to be noted that the lowest value
of all was in a parachute from Alaska, which illustrates the difficulty in making any
generalizations or predictions. Also, typical of the difficulty, is that the next two lowest
strength canopies were from the PCZ which represents the opposite climatic extreme.
Unfortunately, the full history is not known for any of these canopies.

The overall distribution of warp and filling tensile strengths is further indicated in
Chart 12, with distributions by age In Chart 13. The regression tendency with age Is
evident, though the scatter which prevents close predictions is also apparent. The mid-range
scatter of results Is partly in that warp strengths tend to run a bit higher than filling
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strengths, though specification minima are the same and the two are of equal significance
in the bias-cut canopy. Actually, the low and high ranges of stretch values both Include
warp and filling data.

There are no specific formulas available for relating the complex bi-axial or radial
peak force loads on canopy fabric during opening, with the ,unidirectionaltensile strength
values for the fabric as obtained in laboratory tests. Consequently, direct estimation of
safety factors cannot be made from the test data as was done for the risers and harnesses.
However, for guidance, reference was made to studies conducted by the Joint Parachute
Test Facility at El Centro, California, as reported in their summary Technical Report No.
2-63 (reference 2f).

In the El Centro studies, parachutes of various ages and resultant strength properties
ware subjected to high impact drop tests at 300 KIA with 200 pound load, actuated
by 15 foot static lines. Resultant damage and performance were rated. The parachutes
included groups which had strength values in the same ranges as shown 3y those reported
herein. Under this severe drop test condition, some degree of fabric daknage was sustained
by all but one of the 65 parachutes tested, although only one was rated as damaged
to the extent as to cause probable loss of a parachutist. The comparisons showed that
within this combination of fabric strength-strength ranges and opening load ranges there
was no clear correlation of degree of damage with either parachute age or strength level
as measured by laboratory test.

In this regard it is to be noted that canopy damage in opening of personnel parachutes

in normal service usually results from a line-over, twist, snag or drag in which the forces
clearly overpower even the full strength fabric, or else there are bruises or frictional "bums"
from deployment such that the damaged fabric will burst or split when opened. Failure
in straight force breaks or bursts is quite uncommon. In further confirmation of the
relative insensitivity of the canopy strength - damage relationship within typical parachute
populations is that none of the troop parachutes involved in fatality failures (each of
which has been sent to NLABS for thorough examination and testing) has shown fabric
strength significantly below normal or specification minimum requirements. Put another
way, there is no history of sub-standard fabric strength having caused fatal failures.

Expected total opening loads on troop chest reserve parachutes in premeditated jumps
or even emergency bail-outs are considerably below those In the 300 KIA static line drop
tests at El Centro, noted above, for parachutes of similar area of the same 1.1 oz. rip-stop
nylon. It is logically concluded that similar strength samples revealed in the present survey
would not increase the frequency or extent of damage, compared to the new and normal
strength canopies, when used under the expected conditions of the reserve or back-up
system.

From the above it could be concluded that the canopy population represented by
the samples in this survey are fully serviceable. This Is stated In the sense that under
either 1) the case of a normal deployment or 2) that of an abnormal deployrnant causing

21



damage, the parachutists injury or loss probability would be no greater than if the entire
population of these parachutes had full fabric tensile atrength. Howewr, other tclMd
characteristics should also be considered.

The distributions of elongation values as showv in Charts 14 & 16 are very wide.
Though the proportion falling below the specification minimum of 20% is not large, well
over half are below the usual 26-30% range which new fabric shows. The effect of reduced
elongation of canopy fabric from older parachutes is difficult to assess. In an accelerated
type of ageing test such as exposure to high heat or to solar or artificial radiation, low
elongation is generally assodated with low breaking strength, resulting in a double loss
of work or energy to break (toughness). This pattern was not found in the
tensile-elongation data obtained for canopy fabrics in this survey. A separate correlation
analysis was made graphically as shown in Chart 16. The apparent lack of any consistency
in the tensile strength and elongation relationship again illustrates the inability to derive
simple explanations or conclusicns from data representing the results of complex causes
and effects in the "real time" ageing and service environment.

A tentative explanation for some of the scatter in the strength-elongation relationship
is the aforementioned phenomena of ageing process which initially tend to increase rupture
strength but at the expense of elongation or "yield" in the plastic region of the elongation
curve, Other partial explanation lies in the artifacts of the laboratory strip tensile strength
test itself which is influenced by frictional and cross-directional effects which may variously
raise or lower the rupture load of the test strip and also the extension reached at the
point of rupture.

Further analyds was made of the elongation characteristics in what is considered
the "useful" portion of the stress-strain curve. It is to be noted in this regard that
conventional elongation data represent the total extent of stretch at the occurrence of
rupture, and that with normal new nylon this includes considerable plastic flow or "yield"
as the material starts to fail under load. This yield region does not provide useful tensile
resistance except in a very rare instance where a sudden release of load might leave the
material still intact though over-strained. Accordingly, a number of comparisons were
made of the load-elongation curve traces on te recorder charts from Instron tensile test
machine. It was found that the shapes of the lower and middle parts of the curves were
very similar for high and low elongation samples of both the high and low tensile strength
materials. Also, a good part of the differences between high and low elongation patterns
were In the above-mentioned yield region. At both strength levels, the lower elongation
samples consistently showed slightly higher modulus or stiffness in the lower and middle
regions (though without evidence of dangerous brittlenes) which is what one would expect
as a result of the type of ageing processes which initially raise and then lower rupture
strength values.

The repeated references to this type of ageing processes are made with intent to
remind the reviewer that raw data showing high strength levels on aged equipment do
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not necessarily indicate that "nothing has happened" to the material since time of
manufacture. They may, in contrast, actually signal that ageing prooesme are already
underway which will eventually act to reduce basic fiber streigth and/or structural strength
efficiency.

Another indication of serviceability is tear strength, data for which are ptsented
in Charts 17 & 18. With the exception of the deteriorated canopy from Alaska, all other
samples met the original specification requirement of 4.5 pounds minimum, and mostly
with ample margin. Since tear strengths depend even more than tensile strength on a
number of variables such as internal friction, "set" of the fibers and yams, etc., as well
as the intrinsic fiber strength, detailed discussion of the complex causative factors
underlying the data would be beyoad the scope of this report. The most Important
generality is that tear strengths of canopy fabrics tend to Increase somewhat over the
original values as result of mechanical flexiri and "working" as in inspections and packing.
This results from the loosening up of cross-yarn woven grid structure so that there is
a more favorable distribution of tearing type forces and hence greatnr resistance to initiation
and propagation of tears. This effect is somewhat of a "saving gracu" in that it overcomes
to a considerable extent minor unfavorable changes in strength and/or elongation of the
fibers themselves. Counter to this, there may also be a tendency to lower tear strength
if the lubricating finish applied to the fabric in manufacture hardened or became gummy
with age. Limited studies made previously on parachutes of older (pre-1965) periods
of manufacture did occasionally show this tendency. However, no such effect was evident
in the present survey.

The generally high tear strength pattern shown in this sampling of canopies is
considered to be of major significance in terms of serviceability. As previously noted,
canopy danage generally originates with a local cause (snag, burn, etc.) which either
overpowers or weakens even normal fabric. However, the extent of the damage which
propagates from the originating local damage will depend to considerable extent on the
tear strength of the adjacent area. Data which can be interpreted as illustrating this effect
are in the referred to 300 KIA drop tests made at El Centro on parachutes of various
ages and strength properties, Tho unused, under 1 year of age parachutes had a higher
portion of damage sufficient to affect safe descent than any intermediate group, and the
next groups showing damage to this extent were the 9 and 10 year age class. This
Is not conclusive, particularly since the actual pre-drop tear strengths of these under 1
vear canopies were not known. The relatively high tear strengths shown in the report
were taken after the drop, and hence represent fabric which had already been loosened.
It may be assumed from other historical data, however, that the original, or beforedrop
strengths of the new parachutes were significantly lower, and that this condition was
associated with the relatively greater extent of damage for this group in the test drop.

Air permeability data are shown in Charts 19 & 20. There are a few values outside
the original specification range lilmr-s of 80 to 120 cu. ft./min. However, the pattern
is quite normal and shows no marked trend though underlying the scatter Is probably
the usual slight tire in air permeability as the fabric Is initially handled, due othe looming

23



of yams, as was mentioned in regard to tear strength. The El Centro drop test datashowed no obvious correlation of extent of damage with air permeability (after dropping)through an equally wide permeability range. The changes In air permeability caused bythe drop are unknown, but since they usually are Increases, the levels as well as the rangebefore dropping also would have corresponded with those shown in the current studies.There appears to be no cause for concern with regard to air permeabilities of T-1O chestreserve parachutes canopies represented in this survey.

The overall conclusion from the tensile, elongation and tear strength data from theparachutes represented, is that with the one possible exception of the one degraded unitfrom Alaska, the canopy fabrics are in serviceable condition. However, extension of servicelife will be considered also with reference to the observed condition of the suspensionlines, and with respect to the significance to be given to the Alaska unit.

B. Suspension Lines - The breaking strength data from the standard specificationtest method at low extension rate are given in Chart 21 by source location and yearof manufacture, and overall by year group in Chart 22. The lowest values are in thehigh-use Fort Benning and Fort Bragg groups, and particularly in the Fort Benniog groupin association with the greatest eae. Over 30% of thaotal number are below the specificationminimum requirement of 550 pounds, and in the 1961 class the proportion belowspecification is 51%. The lowest strength value found is 36% less than the minimumspecification requirement of 550 pounds.

These results am quite consistent with earlier studies which show that these nyloncords are particularly sensitive to Influences occurring during service according to specificcircumstances, as well as to mechanical effects and possibly to general degradation basedon age alone. The patterns are very similar to those in the referenced survey of 140C-9 parachutes as shown-in NLABS Technical Report 6845-CM (Ref 2e). The observedchanges and resulting scatter of results are thought to reflect, variously, (1) basic changesin the properties of the fibers and yams which directly affect strength; (2) basic changesin fiber and yams which Indirectly affect cord strength by lowering the mechanicalefficiency of the core and braided sheath structure; and (3) mechanical shiftino of thesheath along the core which locally lowers the efficiency of the structure.

Supplementary analysis was made of the data differentiated according to the threemanufacturers as indicated by yam color codes. No relationship was apparent which wouldexplain the range of results since high and low values were assoclted with ech. Thepattern of behaviour appears to be characteristic of the basic cord construction rather.han being related to the several yam variables which we allowed under the specification
description.

Further studies were made of a selected number of the cord stmples by Impact testsat 750D% extension/sec. As had been shown in earlier studies, impact strengths andelongations of suspension line cards as measured by the NLABS-FRL Impact tester ingeneral have considerably lower values than by the standard test. Correlation has always
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been poor, but for rough estimation the impact value would run about 65% of the breaking
strength by the standard test. This difference is in part due to lowered efficiency of
the complex cord construction as extension rate and resultant fiber modulus is increased.
It probably also reflects the whip action of the sample which of necessity under this
test condition starts in a completely slack configuration and is brought to straightness
between the jaws only with the impact force. This action somewhat simulates the
movement of the suspension lines in an actual deployment, hence is a valid condition
of test.

The comparisons of the data from the two .types of tests made on adjacent sections
of the same lines showed no clear correlation trend, and included some very marked
contrasts in both directions. Part of this may be due to actual differences in basic strength
along the same lines, which could very well occur due to differing exposures and
contaminations, and may be due to the previously noted shifts of sheath along the core
which would change the efficiency in local sections. However, since it is the immediate
practical implications rather than the technical explanations which are of concern here,
further discussion of causes will be deferred pending subsequent analysis.

The impact data serve to confirm that there are a number of lines in the sampling
that show considerably less strength than new cord usually shows. Values as low as 270
pounds were found, compared to about 370 for new cords and about 325 for the better
sanples in the survey.

There are no available data for actually recorded maximum loads on individual
suspension lines at any drop altitude. As a rough estimation of magnitude, however.
the extreme worst total case of 4160 pounds, and maximum unequal load percentage
per side of 69%. are combined and divWad by 12 for the number of lines per side, to
give a maximun load per line of 240 pounds, Allowing for some unbalanced load
distribution, it appears that in the combination of worst possible condition and worst
sample, failure of the line might be expected. In the referenced El Centro drop tests
at 300 KIA, as many as throe lines did actually break in a few of the units. Significantly.
however, tha breaking of those few lines did nvt effect the descent rate or success of
the drops. The El Centro samples included son* which showed even lower strength
(standard tests) then were found in this survey. Also, of course, the 300 KIA drop
condition which frequently show opening formse weo over ,000 pounds are much more
severe than a T-10 Chest Reserve parachute would encounter in own the rnot extreme
cma contemplated.

C. Pasrcliuta Asmnbibies - In reaching a conclusion for the parachute assemblies
as a whole, it must be recognized that there is possibility that the populations now in
question include some small number of units which wouWd sustain more damage than would
a "normal" parachute under equally very severe opening conditions. As witness the noted
low strength 1962-3 canopies from Alaska and the PCZ. end various low strength lines.
these units are not necessarily in the oldest age class within the population. There are
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two questions to consider. One is as to the probabilities of the worst case combination.
The other is the seriousness of the "more damage" In the eventuality of such a combination.

It i highly significant in these considerations that no parachute in this survey was
found to be generally weakened in all or the majority of its parts. This observation
does not deny that over-all or predominately weakened areas could occur in exceptional
circumstances which violate all maintenance and care guidelines. The findings here as
well as the El Centro studies do, however, typify the pattern expected from present
knowledge of the external causes of severe degradation. These would most likely affect
only locally exposed areas of fabric or sections-of the lines, with the adjacent sections
remaining quite normal. Accordingly, in considering the worst case probability for the
canopy assemblies, there is one more level of chance than with harnesses and risers. This
Is in the combination of wont condition of local load distribution within the unit, with
the worst local tection or line within the unit. Though these probabilities cannot be
estimated mathematically from any available data, it is obvious that the odds or chances
of the three-level combination "worst case" are extremely low.

Also, though it is the intent to provide full reliability in all units continued in service
status, the consideration of ultimate risk will take to account that relatively few chest
reserve parachutes will ever be put to actual use. Further, even on some of these mccasions,
particularly In frainig, the sucos or failure of the drop will depend on factors other
than the strength condition of the materials in the reserve parachute.

The second question as to the significance or seriousness of the greater canopy damage
or broken lines has been discuised. In summary it can be said, from historical experience
and the El Centro studies, that the drop condition envelope in which the differenoes orlosses in material strength which were found might prove critical, is very narrow. Also.
this envelope Is contseirably above the normal operational envelope for T-10 Troop Chest
Rmrve Parochutft.

Notwithstanding the above, it must also be reoorized that canopy fabric and lOnes
ar more susct ble to aocidental adverse influences than are the heavy webbing in risers

4nd harneet. Relatedly, the ccuracy of any prediction of the extreme worst unit within
the total population will be tea. For these reasons, as well as the relatively tower safetymargins, . more ocrnservtive view must be taken as to extension of sarvioe life. The
conclusion for the canopy assemblies Is that the extension for the age dasm poputations
represented in the survey should be limited to two years. Any extension beyond that
hould be contemplated only if so warranted by results of an equaly extesve surey

being made towards the end of the 12th year.
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VIII. Summary Conclusions and Recommendation

1. Risers - it is concluded that T-10 Troop Parachute Riser Assemblies of
1961-1962 and 1963 years of manufacture, worldwide, are suitable for continued service
through 13 years from date of manufacture indicated thereon,

2. Harnesses - It is concluded that T-10 Troop Parachute Harness Assemblies of
1961-1962 v-nd 1963 years of manufacture, worldwide, are suitable for continued service
through 13 years from date of manufacture indicated thereon.

3. Canopy Assemblies - It is concluded that T-10 Troop Chest Reserve, Canopy
Assemblies of 1961-1962 and 1963 years of manufacture, worldwide, are suitable for
continued serviced through 12 years from date of manufacute indicated thereon.

4. Extrapolation - It is concluded that the deterioration processes acting on nylon
parachutes and accessories are highly complex and specific to histories of the individual
units and area within units. It is recommended that no extrapolation of conclusions from
this survey of T-10 Troop Harnesses, Risers and Chest Reserve Parachute Assemblies be
made to other types of equipment ard service environment and use conditions,

5. Surveilance - It is recommended that a sustained p~rojram be- initiated for
annual review oi the current populations of riser. hames and canopy aszr-mblies. with

objectives to include:

a. Consideration of further extension of sesvice life for the ap classes listed

above.

b. Develop data on upcom.ing age clases from 1964 wid onwards.

c, Reveal any changes in the general situation resultintg front changes in
material (e.g., introduction1 of tight and Meat resistant nylon outing the 1964-1966 period),
ad•/or changes in envimnirent (e4., atmospheric pollution, frnalgt~ tv discipline.
operating procedures, etc.)
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IV

PHOTO I
T- 10 Troop Type Parachute ,iartwu Rigged on 250
LB Torso Dummy
a. Hammes
b. Load (A'land Wiring
c. Drop Line
e. Maniual Retems
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PHOTO 2
Hamess and Torso Dummy S~tpendaed Prior to Drop from Cwn
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PHOTO 3
Harness and Dummy During Drop Prior to Impact

a. Load Coil
b. Drop Line
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PHOTO 4
Harness and Dummy at Moment of Impact

a. Harness
b. Drop Line
c. Risers
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PHOTO 5
Harness and Dummy Suspended After Impact

a. Harness
b. End of Drop Line
c. Rise~s
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RESERVE PARACHUTES
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SPEC I FICATION
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CHART 21 BREAKING STRENGTH OF SUSPENSION LINES FROM
T-IO CHEST RESERVE PARACHUTES
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CHART 22 BREAKING STRLENGTH FREQUENCY
DISTRIBUTION OF SUSPENSION LINES FROM
T-1O CHEST RESERVE PARACHUTES
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DISTRIBUTION BY AGE CLASS.
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CHART 23 BREAKING STRENGTH FREQUENCY
DISTRIBUTION OF SUSPENSION LINES
FROM T-IO CHEST RESERVE
PARACHUTES
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Opening Force Opening Time Rate of Descent Rate of Descent
7,100 Ft 7,100 Ft 6,090 Ft 464 Ft

(lb) (g) (sac) (ft/sec) (ft/sed)

T-10 Main Parachute

Maximum 2189.6 8.1 4.4 22.6 24.4
Minimum 1436.5 5.3 3,6 19.0 17.4
Average 1574.1 5.8 4.1 20.9 20.3
Range 753.1 2.8 0.8 3.6 7.0

Opening Force Opening Time Rate of Descent Rate of Descent
11,100 Ft 1 ,1100 Ft 10,000 Ft 464 Ft

(Ib) (gW (sec) (ft/)se (ft/sed)

Maximum 2342.8 8.7 4.8 25.4 22.4
Minimum 1238.5 4.6 2.8 20.4 14.9
Average 1578.9 5.8 4.1 21.6 18.8
Range 1104.3 4.1 2.0 50 7.5

T-10 Reserve Parachute

Opening Force Opening Time Rate of D'ncent Rare of Descent
7,100 Ft 7.100 Ft 6,000 Ft 464 Fi

(lb) (9) (sac) (fr/s-c) (ft/U-6)

Maximum 3773,3 14.0 5.6 39.2 40.1
Minimum 1676.3 6.2 36 174 18.7
Avenje 2630.0 9.7 4.5 28.9 27.3
Rar•e 2097.3 7.8 2.0 21 21.4

Opening Force Ope;oinq Time Rare of Descenit Rate of De-scent
1i.100 Fi 11.100 Ft 10,000 F1 464 Ft

(Ib) ft se __ f/e (t/we)

Magimnum 416249 15.4 8.4 32.0 27,8
Minimum 2392,4 819 3.6 23.7 20.?
Averx 3507 .0 13,0 5.7 28.9 24$5
Range 7705 55 4.8 8.3 7.1

CHART 24 RDTE Project No, 1F162203D19517. USATECOM Project No.
8-EG065-000002/003, Engineering and Service Test of Standard
Air Delivery Equipment (Personnel and Cargo at High Drop Zon
Elevations)
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